v ERY little information is available on ice conditions in the Arctic seas during the months from October to May. Until recent years, when winter reconnaissance by aircraft became possible, the only records to be found were in the journals of overland travellers or in the logs of ships that had become frozen-in. None of these early observers were able to note conditions over any great distance a t one time.
In spite of the many winter flights to Greenland during and since the last war, no reports of the ice conditions observed in Baffin Bay appear to have been published. For this region information is therefore limited to the findings recorded by observers on land and a t sea. Ice reconnaissance along Hudson Strait was carried out by the Royal Canadian Air Force during an entire year in 1927-28, and similar observations were made at intervals over Hudson Bay during the winters of 1948 and 1949. The routes followed by these flights are indicated on Fig. 1 . The authors have had access to the reports of all these flights and were fortunate in being observers on several of those over Hudson Bay. The photographs taken give an excellent idea of the ice conditions observed.
The following account is a summary of what is known concerning winter conditions in each of the gulfs of warmth discussed in Part I of this paper (Arctic, Vol. 2, No. 2, pages 79-89).
Davis Strait and Bafin Bay
A pattern of the ice distribution in Davis Strait and Baffin Bay was familiar to the whalers for over two centuries. Along the Greenland coast they could expect open water as far north as Disko Bay. From there they would work their way north and northwest, s k i r c i~ , t h e edge of the heavy ice in Melville Bay, and arrive by the end of June in the famous "North Water" between ~ Smith, Jones, and Lancaster Sounds. Whales could usually be expected off Pond Inlet about the second week in July and the whalers would follow them down the coast along the edge of the pack ice as the currents and summer melting cleared the route south. Except for unlucky ships that became frozen-in1 none of the whalers remained in the Ray after late summer or early autumn. They were all convinced, how- westward. It was felt that a strongly built ship with icebreaker escort might on occasion be able to get through the outer fringe of this pack even when its ice cover was as much as 70% to 80%. It was considered doubtful if even an icebreaker could penetrate much farther under conditions of greater coverage.
A review of available information of winter conditions in Baffin Bay, therefore, shows open water extending along the Greenland coast, narrowing as it goes northward and reaching its minimum width about the month of March. Northwest, in the vicinity of Lancaster ' Sound, open water may be exp-ected in all seasons. East Baffin as far south as Cape Dyer is blocked during, the winter months by heavy ice which extends far over to the Greenland coast.
Hudson Strait
It is the unanimous opinion of those who have had experience in the area, that Hudson Strait never completely freezes over. Though the disposition and amount of ice may vary from place to place, from month to month and .from year to year, there appears to be no record of the channel having been blocked solidly by ice throughout its entire. length a t the same time. McLean'' to report on ice conditions during the whole year. Three stations were set up, one a t Nottingham Island at the western entrance, one at Wakeham Bay in the centre, and one a t Port Burwell at the eastern approaches. In addition to observations made from the shore, each base had R.C.A.F. air support and flew regular sorties over the channel. The report of this expedition is the most complete and extensive ice survey In the fall, winter ice appears first in the western end of the Strait. It usually forms late in October or early in November. From then on until some time in the third week of April the shelf of fast ice around the .islands in this area varies from between two to five miles. Along the coast of northwest Quebec, the land-fast ice rarely exceeds two miles in width except in the very sheltered bays. The extent of pack ice cover is greater near the western entrance than elsewhere in the straits and may vary from 50% to 95%. From the end of January to the end of May it usually averages at least 80% to 85%. This is, however, not a static condition and may change entirely from one day to the next as the ice is driven by the wind or as leads open up stretches of ice-free water. These leads may be long or short and vary from half a mile to 10 miles in width.
In the central area of the Strait off Wakeham Bay, ice forms along the coast by early November and may grow to a thickness of nearly four feet during the winter.13 Ice in mid channel appears late in November or early December. Although periodically the area may be almost entirely covered with heavy pack, the total ice cover during any season is less complete here than a t the western end. As a rule the period of closest pack occurs between the end of January and the middle of March. The ice by that time has become heavily rafted through the action of wind and tide.
Around Port Burwell ice forms along the coast in November but is liable to be constantly broken up by wind and tide and may not become solid until late in that month or even in December. When it does, it quickly grows to a depth of 20 inches or more. Thick fields of floe ice from Baffin Bay may block the channel for several days and then clear away leaving less than a 50% cover in the area. Along the eastern edge of Ungava Bay where the water is shallow, a shelf of fast ice extends out for about 8 miles. Beyond this, however, the ice never appears to consolidate and usually varies between a 60% and 80% cover. From January onwards the amount of ice in the entrance of the Strait may range from nothing to 95% or 100% depending on whether or not thick fields of Baffin Bay ice are in the vicinity.
Deep channels, such as Gray Strait north of Port Burwell and the area south of Digges Islands at the western end of Hudson Strait, are practically never covered even with loose pack during the winter months as their strong currents keep them clear. In the spring, when the ice begins to run freely from Foxe Basin, these channels are usually choked while the surrounding areas gradually become ice-free. The observations of the 1927-28 expedition confirmed earlier reports of winter ice conditions in Hudson Strait.14 The ice forms first in the west, becomes closely packed there and for months a t a time is so jammed that no open water is visible from Southampton Island to beyond Nottingham Island. Elsewhere in the Strait the amount and extent of ice cover shows great variation with place and time. In general however, during the winter months it tends to decrease as one goes eastward. North of Port Burwell conditions are greatly dependent on the flow of ice from Baffin Bay.
Hudson Bay
Until recently it was generally accepted that the central part of Hudson Bay never freezes over. This opinion has persisted for many years even among explorers and scientists familiar with the region. I ' l l l~i~> :
Photographs taken in the early spring months of 194818 when the wow cover was disappearing along the floe edge show that this solid ice sheet over the centre of the Bay is formed originally of large and small pans which may have broken-up many times in the course of the winter. These become rafted together, refrozen into a single sheet and covered over during the winter by a heavy layer of packed and driven snow. Pressure ridges containing ice blocks 5 or 10 feet thick cris-cross the surface in all directions and may rise to heights of 15 or 30 feet. Leads from several feet to several miles in width are constantly opening up under the pressure of the ice and refreezing or closing again when the direction of pressure changes. Whether or not there is any consistent direction to these leads and pressure ridges has not yet been determined.
From the observations to date, it would seem that there is a tendency for the leads and ridges near the edge of the Bay to parallel the direction of the shore lead. Farther out the direction seems to change with the changing stresses of wind and tide. It is quite easy from an aircraft to trace the lines of old refrozen leads, often running at an angle to the present open lanes. The same is true for the network of pressure ridges although these ridges may a t times be practically absent in the area immediately beyond the shore lead. A preliminary report on operation "Ice-Cake"ls, April 1948, notes that '.'there were very few pressure ridges for about 80 miles out of Churchill. They started as a very fine open lacy pattern and increased moderately in size and number". The maximum was reached about two-thirds of the way to Manse1 Island, but at no time were the ridges as large or as numerous as those seen opposite the Nelson River. The shore lead, which seems to have caused so much confusion in estimating the ice cover of Hudson Bay, may at times be entirely absent. Along the east coast from Great Whale River to Port Harrison the "Ice" reconnaissance of 8 March 1949 found no suggestion of open water. There were traces of old refrozen leads but none of them as large or as continuous as the one found along this same coast by the "Cariberg" reconnaissance of 6 May 1948. At that time the lane of open water off Port Harrison was 25 to 30 miles wide and seemed to stretch north and south along the coast as far as could be seen. It should be noted that this wide shore lead resulted after several days of NE winds which had effectively driven the ice offshore. A month previously when the "Ice-Cake" flight had covered this same area there had been a westerly wind for several days and a t that time there was no sign of open water along the east coast. Open water was however seen around Manse1 Island-possibly the result of wind, tide and strong current.
It would be of interest to know whether any open water exists to the west of the Belcher Islands at times when there is no lead along the Quebec coast. If there is, it would suggest that under certain conditions the "shore lead" merely moves west beyond the protecting fringe of islands and out towards deeper water. This possibility is further strengthened by the observation of R. J. Flaherty'" (quoted in the Arctic Pilot)
that "The climate of the islands differs widely from that of the opposite mainland. Compared with weather reports from Great Whale River for the same period . . . [the islands had] a far greater proportion of overcast skies and fogs, stronger and more constant winds, but higher and more equable temperatures."
On the west and northwest coast where most observations of ice conditions have been made, the shore lead is more persistent than on the east coast. The explanation of this would appear to be the predominance of west and northwest winds in this area. Each time an ice reconnaissance has been made there has always been some indication of open water along this edge of the Bay.
There have as yet been no aerial reconnaissances in the late fall and early winter to observe the time of freeze-up. ,It is therefore possible only to repeat what has already been said by travellers and explorers in the region. There seems to be general agreement that along the coast the ice may form in the shallow bays early in November and in the mouths of rivers by the end of the month. In his journey to the Nastapolta Islands in 1910 R. J. Flaherty'l records that he was forced to wait a t Fort George on the mainland until December before the Bay ice was solid to the current, it never freezes over, one a t the mouth, the other a little way in at the Narrows. In Chesterfield Inlet, too, there is unsafe ice or current openings, and at the outlet of Baker Lake lies the great current opening called Allorjunitjuaq, which, when we were in the country, had only been covered over once in the memory of man, viz. in 1918." Therkel Mathiassen" adds to this list of open water areas by including Frozen and Comer Straits around Southampton Island.
With so much open water in the vicinity it is hardly surprising that those who wintered in this northern area were convinced that the Bay remained open. It is worth noting, too, that most of our information about winter conditions over the Bay came from the explorers and whalers who had remained on the west and northern coast from fall until spring.
General Conclusion
As shown in Part I of this paper, open water surfaces in the Arctic reveal themselves by their modifying effect on surrounding temperatures. The absence of such modification during the winter may therefore be taken as an indication that the neighbouring water surfaces are frozenover. Part I1 has shown that this hypothesis is supported by the existing scanty records for the Baffin Bay and Hudson Strait areas, but until more complete photographic records are available, further correlation is not possible.
In Hudson Bay the ice conditions inferred from the meteorological evidence and observed on reconnaissance flights contradict previous reports. The authors feel that these reports based on shore observations only are in error. Aerial photographs show that the Bay was completely ice-covered in the winters of 1947-8 and 1948-9, and although two winters alone cannot establish that this is always the case it should be stressed that temperatures throughout these particular winters as a whole are recorded as being normal. Extensive reconnaissance over a period of years will be necessary in order to establish beyond dispute the details of ice conditions in the area. Plans for such observations have already been completed for the winter of 1949-50.
